Dissection and chemical analysis data from 197 bulls of 15 breedtypes were used to examine the distribution of total fat (TOTFAT) among carcass fat (CFAT), viscera fat (VIF), kidney plus pelvic fat (KPF) and blood fat (BLF). The bulls were obtained from a five-breed diallel involving Angus, Brahman, Hereford, Holstein and Jersey; reciproca! crosses were pooled. One or two bulls of each breedtype were slaughtered at each of seven ages: 6, 9, 12, 15, 18, 24 and 30 mo. An allometric equation was utilized to describe growth rate of each fat depot relative to either TOTFAT or carcass side weight (CSW). The pooled withinbreedtype differential growth rates obtained from the allometric equation indicated that as TOTFAT or CSW increased, the proportion composed of CFAT and KPF increased (growth coefficients significantly > 1 ), whereas the proportion composed of VIF and BLF decreased (growth coefficients significantly < I). Holstein and Jersey tended to have more CFAT than Hereford, Angus and Brahman. Jersey had more KPF than other breeds. Crossbreds exhibited positive heterosis for CFAT and VIE and negative heterosis for KPE On a constant CSW basis, there were no significant breedtype differences in TOTFAT: nevertheless, differences in fat distribution among breedtypes persisted. There were different amounts of fat at the depots studied, but fat growth coefficients relative to TOTFAT tended to be homogeneous among breedtypes.
Introduction
Breeds and individuals within breeds vary in both amount and anatomical placement of fat increments that occur during stages of normal growth and development (Koch et al., 1976) . Fat deposit is important as an energy store and reserve for breeding cattle and as a component of carcasses of slaughter cattle (Abraham et al., 1980) . There is an optimal point of the growth curve at which an animal should be slaughtered to attain maximal carcass value relative to feed and other costs. A close relationship has been established between cutability and fat content (Murphey et al., 1960; Champagne et al., 1969; Abraham et al., 1980) . In addition, carcass value is greatly influenced by the distribution of fat. At the same weight and degree of fatness, different breeds may have different proportions of intramuscular, intermuscular and subcutane- ous fat. Therefore, an optimal slaughter endpoint is attained by some breeds with a smaller proportion of subcutaneous fat than by other breeds (Berg and Butterfield, 1976) . Few studies have examined the developmental patterns of fat depots as cattle grow (Johnson et al., 1972; Charles and Johnson, 1976; Kempster et al., 1976; Koch et al., 1976) . Furthermore, in such studies, the ranges of age studied were very narrow, or breed and slaughter age were confounded. Therefore, utilizing data from different experiments to characterize growth patterns of fat depots would be of limited value because the patterns of different breeds could have been affected by variation in feeding, environment and measurement. Data for the present study were collected from serial slaughter of random samples of animals representing 15 breedtypes over a wide range of ages. Objectives of this study were to characterize growth patterns for specified fat depots of bulls representing different breedtypes, and to determine differences in patterns of fat deposition among the breedtypes. were randomly assigned to one of seven slaughter age groups: 6, 9, 12, 15, 18, 24 and 30 mo of age. These calves were assigned to individual feeding pens and fed a 72% total digestible nutrients diet ad libitum until slaughter. A total of 13 bulls was removed due to death, injury or sickness. Although the number of individuals per slaughter-breedtype subcell was limited to two, the study was designed to examine developmental patterns using regression techniques. There were 14 bulls in each breedtype and 30 in each slaughter age category before attrition. Distribution of degrees of freedom for the statistical tests performed was considered to be efficient, given a total of 197 bulls. For a complete description of pre-and post-slaughter experimental procedures see Long et al. (1979) and Jenkins et ah (1981) .
Experimental Procedures
The blood was weighed and sampled at slaughter. The soft tissue included all internal organs, digestive tract, and genital organs plus brain and nonskull tissue from the head and was termed "viscera" for this study. Viscera was weighed, minced and sampled. One side of each carcass (48 h post-slaughter) was cut into major wholesale and retail cuts. These cuts were fabricated into closely trimmed lean, fat trim and bone trim. Fat trim was comprised of intermuscular fat and subcutaneous fat in excess of .63 cm in thickness for all cuts. Fat trim and closely trimmed lean were combined and mixed in a meat grinder which divided each sample in half each time it passed through the grinder. After the lean-fat aggregate passed through the grinder three times ('/8 of the total remaining), '/8 of the kidney, channel and pelvic fat was added to the sample. This mixture was homogenized in a Hely-Joly silent cutter and duplicate samples for chemical analysis were obtained. Chemical fat percentages and carcass separation data were used to calculate fat content in lean, bone, viscera and blood. These calculations were used to estimate total fat weight (TOTFAT) and fat weight at four major fat depots: carcass fat (CFAT), viscera fat (VIF), kidney plus pelvic fat (KPF) and blood fat (BLF). Details of sampling and other procedures are given by Talamantes (1977) .
The allometric equation Y = ax b expressed in its logarithmic (base 10) form log Y = log a + b log X was utilized to describe the growth rate of each fat depot relative to the increase of either TOTFAT or carcass side weight (CSW; Seebeck, 1968) . The coefficient b represents the growth of a component, Y (CFAT, VIE KPF or BLF), relative to the growth of a second component, X (TOTFAT or CSW). These b values may be interpreted as growth coefficients or relative growth rates such that b < 1, b > 1 or b = 1 for a given depot indicates that the relative fat weight gain at that location occurred at a rate less than, greater than, or equal to, respectively, the rate of increase of TOTFAT (or CSW).
The b values were therefore tested against unity using t tests. Relative growth rates of breedtypes were tested for homogeneity for each fat depot. For those fat depots exhibiting homogeneous relative growth rates, pooled regression coefficients were used to adjust breedtype fat depot means to a mean TOTFAT or CSW. Adjusted means were compared statistically according to procedures outlined by Kramer (1957) .
Results and Discussion
Means and standard deviation for TOTFAT within age groups across breedtypes are presented in table 1, along with percent CSW of TOTFAT (PTOTFAT) and component depots (PCFAT, PVIE PKPF and PBLF). Percentage of total fat weight, PCFAT, and PKPF tended to increase, while PVIF decreased with age; PBLF was small. For the period from 9 to 12 mo, PCFAT decreased and PVIF increased; these unexpected decreases presumably resulted from either sampling errors or seasonal effects. Partitioning of fat into depots for each breedtype across age groups is shown in table 2; the very large coefficients of variation, especially for TOTFAT for all breedtypes, followed by VIF (28%), KPF (4.8%) and BLF (.03%). Percentages of TOTFAT were substantially higher than those reported by Kempster et ah (1976) . These differences were probably due to the fact that data from the steers studied by Kempster et al. (1976) did not include viscera in the calculations of TOTFAT, and the range in slaughter ages (10 to 27 mo) was narrower than in the present study.
The most variable depot within breedtypes was KPE as indicated by a larger coefficient of eege variation (80%) than for CFAT (61%), BLF (51%) and VIF (49%). There were marked differences in fat distribution between breedtypes. For example, carcasses of Brahman contained 23.5% greater PCFAT than did Jersey, yet Jersey carcasses had higher PKPF (table 2) . Carcasses of the Hello, BHo, HoJ, He J, B J, and Ho breedtypes exhibited relatively higher values for PKPF than other breedtypes. These results support the findings of other researchers who have reported that dairy breeds tended to deposit a higher proportion of their total fat as KPF and a lower proportion as subcutaneous fat compared with beef breeds (Koch et al., 1976) .
Changes in weight of fat depots, relative to total fat, are presented in table 3. The pooled, within-breedtype regression coefficient of log CFAT on log TOTFAT was 1.04 (P<.01); i.e., as TOTFAT increased, the proportion of CFAT increased to a slightly greater degree. Because intermuscular, subcutaneous and intramuscular fat were not estimated individually, it was not possible to determine whether specific fat depots were affected differentially as CFAT increased. Literature reports are discordant; Kempster et al. (1976) reported a growth coefficient for intermuscular fat <1, (.87), and a growth coefficient for subcutaneous fat >1, (1.20). On the other hand, Johnson et al. (1972) , using a small number of animals, found that proportions of intramuscular and subcutaneous fat decreased as TOTFAT increased, whereas the proportion of intermuscular fat increased.
The pooled, within-breedtype growth coefficient for CFAT of 1.04 indicates that it is a latematuring depot relative to the other fat components studied. The interaction between breedtype and TOTFAT was not significant. However, there was a breedtype effect (P<.01), which implies that at all levels of total fat the proportion of CFAT differed by breed, whereas change in proportion of CFAT was similar for breeds as animals fattened. Kempster et al. (1976) reported significant interaction between breedtype and TOTFAT for intermuscular and subcutaneous fat.
The pooled, within-breedtype coefficient for VIF was .85, indicating that as TOTFAT increased, the proportion of VIF decreased. Therefore, VIF can be considered as an earlier-maturing depot than CFAT (1.04) and KPF (1.36). There was no significant interaction between breedtype and TOTFAT, but breedtype significantly affected the amount of VIE Thus, at differ- ent levels of TOTFAT, the proportion of VIF tended to differ among breedtypes; however, this difference tended to be constant over the range of slaughter age and weight studied.
Non-carcass parts of the body have lower economic value than the carcass, and, in ruminants, may amount to 40 to 50% of body weight. The percentage of fat in the viscera in the present study was 53%; this high value indicates that this depot is a major energy store. Brannang (cited by Lindhe, 1975) reported that the total amount of energy in the body that was deposited in fatty tissue in the cavities amounted to 34% in steers and 30% in bulls. These percentages represent a sufficiently large amount of energy to justify more study of composition of non-carcass parts. In addition, as stated by Berg and Butterfield (1976) , this type of data would aid in explanation of differences in dressing percentage among breedtypes.
The pooled, within-breedtype growth coefficient for KPF was 1.36. This coefficient indicates that KPF had a greater rate of deposition than TOTFAT. Growth coefficients for KPF were homogeneous among breedtypes (P>. 10). Kempster et ai. (1976) reported large and statistically significant differences (P<.01) among breedtypes for KPF growth coefficients relative to TOTFAT. This difference could be due to the different breeds and ranges of slaughter ages between the two studies. In addition, different results might be due to differences in environment; Kempster et al. (1976) did not compare their breedtypes contemporaneously, or under a uniform feeding system.
Interrelationships of TOTFAT and fat depots with carcass side weight (CSW) also were examined (table 4) . The pooled, within-breedtype growth coefficient for TOTFAT relative to CSW (1.06) differed (P<.01) from unity, indicating that as CSW increased, proportion of TOTFAT increased. These results are consistent with Berg and Butterfield (1968) and Mukothy and Berg (1971) , who reported growth coefficients greater than unity for fat relative to muscle plus bone. However, Mukothy and Berg found significant differences among breeds for growth coefficients of fat, whereas the coefficients were homogeneous among breeds in the present study. Generally, the magnitude of growth coefficients for CFAT, VIF and KPF rellative to CSW were similar to ones obtained when fat depots were regressed on TOTFAT; that is, as CSW increased, relative proportions of CFAT and KPF also increased, whereas relative proportion of VIF decreased.
In order to examine the effect of breedtype on distribution of fat in specific depots, inde- (Smith, 1976; Smith and Cundiff, 1976 ).
On a constant CSW basis (table 6) , the differences in total fat among breedtypes were nonsignificant. Differences in fat distribution persisted, but these differences were of smaller magnitude than when breedtypes were compared on a constant total-fat basis.
Substantial differences in the developmental patterns of fat depots among breedtypes were indicated. On a constant TOTFAT and CSW basis, significant differences in amounts of CFAT, VIE and KPF among breedtypes were found; however, growth coefficients for these fat depots were homogeneous among breedtypes. Interpretation of homogeneity of growth coefficients for fat depots must include the possibility either that absolute differences among fat depots were established at earlier stages of growth (<6 mo age), or that real differences were not detected due to sampling errors (not magnitude of differences among b values and their standard errors in tables 3 and 4). The slopes were statistically adjusted for either constant TOTFAT or CSW and must be interpreted on that basis; i.e., the slopes were calculated as if the breeds reached equal weights of either fat deposited or of carcass at the various ages, using covariates.
Knowledge of the pattern of partitioning of fat into major fat depots could contribute toward attaining the objective of producing carcasses with optimal fat distribution. This objective could be enhanced by producing cattle that tend toward desired levels of intramuscular fat at relatively low levels of subcutaneous, visceral and intermuscular fat. Another possible application of characterization of fat distribution patterns involves use of such knowledge for cattle reared in harsh environments; selection of cows of dam lines that store large amounts of fat at certain depots could enhance their ability to cope with periods of nutritional stress. While it is commonly believed that a character is best expressed under environmental conditions that favor its fullest expression, it would be of interest to study the developmental patterns of fat under forage vs grain finishing conditions to determine genotype • environment interactions (Meissner and Roux, 1982) . Information on amount and distribution of fat could be helpful in selecting breedtypes to reach puberty at earlier chronological ages, because it appears that onset of estrus is closely related to body fat content (Siebert and Field, 1975) .
